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In the title compound, [Cu(C 25 H 22 P 2 S) 2 ]PF 6 , the Cu 1 atom, 
lying on a twofold rotation axis, adopts a distorted tetrahedral 
geometry. The (diphenylphosphanylmethyl)diphenylphos- 
phane sulfide ligand coordinates to the Cu 1 atom through 
one S and one P atom, forming a stable five-membered chelate 
ring. The P atom of the PF 6 anion also lies on a twofold 
rotation axis. 



Orthorhombic, Pcca 
a = 20.73 (3) A 
b = 12.004 (18) A 
c = 19.83 (3) A 
V = 4935 (13) A 3 

Data collection 

Bruker APEXII CCD 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 1996) 
r mi „ = 0.830, r maI = 0.884 

Refinement 

R[F 2 > 2a(F 2 )] = 0.053 

wR(F 2 ) = 0.152 

S = 1.03 

5535 reflections 



Table 1 

Selected bond lengths (A). 



Mo Ka radiation 
/x = 0.75 mm -1 
T = 296 K 

0.26 x 0.22 x 0.17 mm 



27988 measured reflections 
5535 independent reflections 
3424 reflections with / > 2cr(/) 
R inl = 0.070 



290 parameters 

H-atom parameters constrained 
A/W = 0.41 e A~ 3 
^Pmm = -0.55 e A~ 3 



Cul-P2 



2.300 (3) 



Cul-Sl 



2.411 (3) 



Data collection: APEX2 (Bruker, 2007); cell refinement: SAINT 
(Bruker, 2007); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL. 

This project was supported by the Program for New 
Century Excellent Talents in Universities of China (NCET-08- 
0618). 



Related literature 

For background to copper(I) phosphane compounds, see: 
Bownaker et al. (1995); Comba et al. (1999); Liaw et al. (2005); 
Lobana et al. (2009); Nicola et al. (2005); Zhang et al. (2005). 
For related structures, see: Bera et al. (1999); Sivasankar et al. 
(2004). 
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I 

Ph 
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Experimental 

Crystal data 
[Cu(C 25 H 22 P 2 S) 2 ]PF ( , 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: HY2551). 
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Bis[(diphenylphosphanylmethyl)diphenylphosphane sulfide-A: 2 P,S] copper (I) 
hexafluoridophosphate 

Jing-Jing Zhang, Feng Hu, Tai-Ke Duan, Qun Chen and Qian-Feng Zhang 

Comment 

The chemistry of copper(I) remains on the forefront in binding to soft Lewis bases such as phosphorous and sulfur donors 
(Liaw et al. , 2005 ; Zhang et al. , 2005). For examples, there are a number of published studies of structures that involve 
copper(I) complexes with phosphane ligands in variable copper(I)-to-ligand ratios (Bownaker et al, 1995; Comba et al, 
1999). Mononuclear and dinuclear phosphane-copper(I) complexes with coordinated and bridging halide anions and 
phosphane ligands in various coordination modes have been well isolated and structurally characterized (Lobana et al, 
2009). Quite a few copper(I) complexes with mixed phosphane and sulfide ligands have been synthesized and structurally 
measured by X-ray crystallography (Lobana et al, 2009; Nicola et al, 2005). Although adducts of bis(diphenyl- 
phosphanyl)methane (dppm), structurally defined complexes of the form CuX:dppm (1:1) (X — CI, Br, I, CN, SCN), have 
been well documented (Nicola et al, 2005), only one example of mononuclear copper(I) complex with (diphenyl- 
phosphanylmethyl)diphenylphosphane sulfide (dppmS) that involves in oxidation of one phosphorus atom of the dppm 
ligand to P=S moiety has been reported (Sivasankar et al, 2004). The second example of mononuclear copper(I) complex 
with dppmS ligands is described in this paper. 

The title compound consists of a cationic [Cu(dppmS) 2 ] + unit and a PF 6 " anion (Fig. 1). The dppmS ligand coordinates 
to the Cu 1 atom with one S and one P atoms, forming a stable five-membered chelating ring. The coordinating 
environment around the Cu 1 atom is distorted tetrahedral. The Cu — P bond length (Table 1) is similar to those found in 
[Cu(dppmS)2][C104] (Sivasankar et al, 2004) and in the copper(I)-dppm complexes (Bera et al, 1999). The Cu — S bond 
length of 2.411 (3) A agrees well with that of 2.395 (3) A in [Cu(dppmS) 2 ][C10 4 ] (Sivasankar et al, 2004). The P— Cu— 
P bond angle of 127.60 (1 1)° is obviously larger than the S— Cu— S bond angle of 101.63 (11)°, due to the bulky PPh 2 
moiety directly binding to the Cu atom. The P — Cu — S bond angle of 97.37 (6)° in the five-membered ring of the dppmS 
ligand is more acute than that of 115.45 (5)° between two dppmS ligands. The PF 6 " anion has its expected structure as 
well as normal distances and angles. 

Experimental 

To a solution of [Cu(CH 3 CN) 4 ] [PF 6 ] (373 mg, 1.0 mmol) in CH 3 CN (10 ml) was added with a dppm (796 mg, 2.0 mmol) 
solution in CH 2 C1 2 (5 ml) and S 8 powder (64 mg, 2.0 mmol). After the mixture was stirred for 4 h at room temperature, 
the colorless solution with a little brown precipitate was obtained. After filtration, colorless block crystals were formed 
by slow evaporation of the filtrate at room temperature in three days. Analysis, calculated for C5oH 44 CuF 6 P5S 2 : C 57.66, H 
4.26%; found: C 57.53, H 4.23%. 
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Refinement 

H atoms were positioned geometrically and refined as riding atoms, with C — H = 0.93 (aromatic) and 0.97 (CH2) A and 
with£/ ISO (H)=1.2C/ cq (C). 

Computing details 

Data collection: APEX2 (Bruker, 2007); cell refinement: SAINT (Broker, 2007); data reduction: SAINT (Broker, 2007); 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare material for publication: 
SHELXTL (Sheldrick, 2008). 

C44A C45A 




C25A 



C24A 



F1B 



Figure 1 

Molecular structure of the title compound, with displacement ellipsoids at the 50% probability level. [Symmetry codes: 
(A) 1/2-x, l-y,z; (B) 1-x, y, 1/2-z.] 

Bis[(diphenylphosphanylmethyl)diphenylphosphane sulfide-K 2 P,S]copper(l) hexafluoridophosphate 



Crystal data 

[Cu(C 25 H 22 P 2 S) 2 ]PF 6 
M T = 1041.39 
Orthorhombic, Pcca 
Hall symbol: -P 2a 2ac 
a = 20.73 (3) A 
5= 12.004(18) A 



c= 19.83 (3) A 
F=4935 (13) A 3 
Z = 4 

7^(000) = 2136 

D x = 1.402 Mgnr 3 

Mo Ka radiation, 1 = 0.71073 A 
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Cell parameters from 2469 reflections 
9= 1.0-24.6° 
ju = 0.75 mrrT 1 

Data collection 

BrukerAPEXIICCD 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
tp and to scans 

Absorption correction: multi-scan 

(SADABS; Sheldrick, 1996) 
T mm = 0.830, r max = 0.884 

Refinement 

Refinement on F 2 

Least-squares matrix: full 

R[F > laiF 2 )] = 0.053 

wR{F 2 ) = 0.152 

S = 1.03 

5535 reflections 

290 parameters 

0 restraints 

Primary atom site location: structure-invariant 
direct methods 



T=296K 

Block, colorless 

0.26 x 0.22 x 0.17 mm 



27988 measured reflections 
5535 independent reflections 
3424 reflections with I > 2a(I) 
Rim = 0.070 

$max 27.3 , 0 m [ n 2.3 

h = -26->26 
& = -15->-7 
/ = -25->25 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = ll[a\F a 2 ) + (0.0663P) 2 + 1.794 IP] 

where P = (F 2 + 2F 2 )/3 
(A/(j) max < 0.001 
Ap max = 0.41 e A" 3 
Ap min = -0.55 e A" 3 



Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; 
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted R- factor wR and goodness of fit S are based on F 2 , 
conventional R- factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma(F 2 ) is 
used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based 
on F 2 are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


^ ISO ' ^ eq 


Cul 


0.2500 


0.5000 


0.08447 (3) 


0.0570 (2) 


SI 


0.25626 (4) 


0.34472 (9) 


0.00764 (4) 


0.0673 (3) 


PI 


0.30722 (4) 


0.25355 (8) 


0.07262 (4) 


0.0545 (2) 


P2 


0.34846 (4) 


0.47449 (8) 


0.13570(4) 


0.0571 (3) 


P3 


0.5000 


0.08241 (18) 


0.2500 


0.1137(7) 


Fl 


0.42534 (14) 


0.0827 (3) 


0.2603 (2) 


0.1813 (17) 


F2 


0.49237 (19) 


-0.0099 (3) 


0.1934 (2) 


0.1708 (17) 


F3 


0.49046 (19) 


0.1782 (3) 


0.1953 (2) 


0.1685 (15) 


CI 


0.37539 (13) 


0.3349 (3) 


0.10528 (16) 


0.0591 (8) 


H1A 


0.4073 


0.3444 


0.0699 


0.071* 


H1B 


0.3955 


0.2947 


0.1421 


0.071* 


Cll 


0.34201 (15) 


0.1313 (3) 


0.03184(16) 


0.0602 (8) 


C12 


0.3884 (2) 


0.0687 (4) 


0.0633 (2) 


0.0860(13) 


H12 


0.4014 


0.0875 


0.1068 


0.103* 
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Atomic displacement parameters (A 2 ) 
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0.100 (3) 


A A 1 C /OA 

—0.01 0 (z) 


A AAO 1 / 1 A\ 

O.OOzl (ly) 


A AOO /1\ 

O.Ozz (3) 


Cz3 


A AT 1 d\ 

0.0 / 1 (3) 


A 1 1 Q { A\ 

0.118 (4) 


0. 134 (d) 


A AO 1 

—O.Ozl (3 ) 


A AO 1 

O.Ozl (3) 


A A/1 O //1\ 

0.04z (4) 


Cz4 


A 1 1 1 //1\ 

0.113 (4) 


0.13z (3) 


O.lzl (4) 


A AA 1 /I \ 

0.001 (3) 


A A/I C /I \ 

0.043 (3) 


A AC C //lA 

0.033 (4) 


Cz3 


A 1 O 1 //I \ 

O.lzl (4) 


A 1 C /I //C\ 

0.134 (6) 


a not /i\ 
0.083 (3) 


A A1 C ( A\ 

0.013 (4) 


A A 1 1 /I \ 

0.013 (3) 


A ACO /"I \ 

0.038 (3) 


Czo 


0.0 10 (z) 


A 1 O 1 (A \ 

O.lzl (4) 


A AjCO /OA 

0.068 (z) 


A AAO ZO\ 

0.008 (z) 


A AA1 1 (\ Ci\ 

0.0031 (ly) 


A Al ZO\ 

0.036 (z) 


C3 1 


a a/;o/i /1 n\ 
0.06Z4 (iyj 


0.101 (3) 


0.0M3 (18) 


A A 1 A ( r )\ 

—0.010 (ZJ 


A AAC O /1 (^\ 

—0.0038 (lo) 


A AA^A /1 A\ 

—0.0060 (iy) 


C3z 


A 1 A1 S A\ 

0.143 (4) 


A 1 C/1 f Z\ 
0.134 (3) 


A A/iO 
0.068 (3) 


A All 

0.013 (4) 


-0.036 (3) 


A A A 1 f1\ 

—0.001 (3) 


C33 


A O /I /I ZO\ 

0.z44 (8) 


A 1A£ /A\ 

0.206 (9) 


0.076 (4) 


A AOO f~l\ 

0.028 (7) 


A f\£ O /C\ 

—0.068 (3) 


A A 1 1 //I \ 

0.011 (4) 


C34 


KJ.lZy (8) 


n 0 1 "7 /o\ 
U.Zl / (9) 


U.U49 (J) 


A AA/1 

0.004 (6) 


A A 1 1 (A \ 

—0.013 (4) 


— U.U13 (4) 


C33 


A 1 0£ Z/IA 

0.1 zo (4) 


U.loz (0) 


U.U6U (j j 


A AA/1 //1A 

—0.004 (4) 


A AAC (1\ 

0.003 (3) 


— U.U31 (j) 


C36 


A c\n A c~\\ 
0.0/4 (Z) 


U.izz) (4) 


U.UoU (z) 


A AA/: /OA 

—0.006 (z) 


A A A AT ( \ H\ 

0.000/ (1 /) 


— U.Uzl (Z) 






n r>7s n"i 

U.U / J \ JJ 




0 0004 n «\ 

W.UWWt- I lUj 






C42 


0.070 (2) 


0.127 (4) 


0.068 (2) 


-0.026 (2) 


0.0032 (18) 


-0.001 (2) 


C43 


0.079 (3) 


0.139(5) 


0.095 (3) 


-0.015 (3) 


0.021 (2) 


0.010(3) 


C44 


0.071 (3) 


0.101 (4) 


0.132(4) 


-0.018 (2) 


0.031 (3) 


-0.005 (3) 


C45 


0.083 (3) 


0.146 (5) 


0.137(5) 


-0.055 (3) 


-0.002 (3) 


-0.034 (4) 


C46 


0.077 (2) 


0.143 (5) 


0.081 (3) 


-0.043 (3) 


-0.005 (2) 


-0.013 (3) 



Geometric parameters (A, ") 


Cul— P2 


2.300 (3) 


C22— H22 


0.9300 


Cul— SI 


2.411 (3) 


C23— C24 


1.363 (7) 


SI— PI 


1.993 (2) 


C23— H23 


0.9300 


PI— C21 


1.810(4) 


C24— C25 


1.374 (7) 


PI— Cll 


1.824 (4) 


C24— H24 


0.9300 


PI— CI 


1.836 (4) 


C25— C26 


1.405 (6) 


P2— C31 


1.831 (4) 


C25— H25 


0.9300 


P2— C41 


1.845 (4) 


C26— H26 


0.9300 


P2— CI 


1.866 (4) 


C31— C32 


1.390 (6) 


P3— Fl 


1.561 (4) 


C31— C36 


1.403 (6) 


P3— Fl' 


1.561 (4) 


C32— C33 


1.418 (7) 


P3— F2 


1.585 (4) 


C32— H32 


0.9300 


P3— F2' 


1.585 (4) 


C33— C34 


1.403 (10) 


P3— F3' 


1.593 (4) 


C33— H33 


0.9300 


P3— F3 


1.593 (4) 


C34— C35 


1.351 (9) 


CI— HI A 


0.9700 


C34— H34 


0.9300 


CI— H1B 


0.9700 


C35— C36 


1.391 (6) 


Cll— C12 


1.371 (5) 


C35— H35 


0.9300 


Cll— C16 


1.373 (6) 


C36— H36 


0.9300 
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C12— C13 
C12— H12 
C13— C14 
C13— H13 
C14— C15 
C14— H14 
C15— C16 
C15— H15 
CI 6— HI 6 
C21— C26 
C21— C22 
C22— C23 



1.392 (6) 
0.9300 
1.347 (7) 
0.9300 
1.345 (8) 
0.9300 
1.404 (7) 
0.9300 
0.9300 
1.397 (5) 
1.397 (5) 
1.388 (6) 



C41— C42 
C41— C46 
C42— C43 
C42— H42 
C43— C44 
C43— H43 
C44— C45 
C44— H44 
C45— C46 
C45— H45 
C46— H46 



1.364 (5) 
1.390 (5) 
1.405 (6) 
0.9300 
1.337 (7) 
0.9300 
1.361 (7) 
0.9300 
1.409 (6) 
0.9300 
0.9300 



P2"— Cul— P2 
P2"— Cul— SI 
P2— Cul— SI 
P2"— Cul— SI" 
P2— Cul— SI" 
SI— Cul— SI" 
PI— SI— Cul 
C21— PI— Cll 
C21— PI— CI 
Cll— PI— CI 
C21— PI— SI 
Cll— PI— SI 
CI— PI— SI 
C31— P2— C41 
C31— P2— CI 
C41— P2— CI 
C31— P2— Cul 
C41— P2— Cul 
CI— P2— Cul 
Fl— P3— Fl 1 
Fl— P3— F2 
Fl 1 — P3— F2 
Fl— P3— F2 1 
Fl'— P3— F2' 
F2— P3— F2' 
Fl— P3— F3' 
Fl'— P3— F3' 
F2— P3— F3' 
F2 1 — P3— F3' 
Fl— P3— F3 
Fl'— P3— F3 
F2— P3— F3 
F2' — P3— F3 
F3'— P3— F3 
PI— CI— P2 
PI— CI— H1A 



127.60(11) 
115.45 (5) 
97.37 (6) 
97.37 (6) 
115.45 (5) 
101.63 (13) 
92.55 (4) 
108.11 (19) 
108.11 (18) 
106.27 (17) 
112.60(15) 
111.40(15) 
110.10(15) 
102.94(16) 
106.73 (18) 
101.95(17) 
120.86(12) 
118.30(14) 
104.02 (10) 
179.7 (4) 
89.8 (2) 
90.4 (2) 
90.4 (2) 
89.8 (2) 
91.3 (4) 
91.8 (2) 
88.0 (2) 
177.5 (3) 
90.6 (3) 
88.0 (2) 
91.8 (2) 
90.6 (3) 
177.5 (3) 
87.6 (3) 
111.18(17) 
109.4 



Cll— C16— H16 
C15— C16— H16 
C26— C21— C22 
C26— C21— PI 
C22— C21— PI 
C23— C22— C21 
C23— C22— H22 
C21— C22— H22 
C24— C23— C22 
C24— C23— H23 
C22— C23— H23 
C23— C24— C25 
C23— C24— H24 
C25— C24— H24 
C24— C25— C26 
C24— C25— H25 
C26— C25— H25 
C21— C26— C25 
C21— C26— H26 
C25— C26— H26 
C32— C31— C36 
C32— C31— P2 
C36— C31— P2 
C31— C32— C33 
C31— C32— H32 
C33— C32— H32 
C34— C33— C32 
C34— C33— H33 
C32— C33— H33 
C35— C34— C33 
C35— C34— H34 
C33— C34— H34 
C34— C35— C36 
C34— C35— H35 
C36— C35— H35 
C35— C36— C31 



119.9 
119.9 
119.3 (3) 
121.5 (3) 

119.1 (3) 
120.0 (4) 
120.0 
120.0 
120.5 (4) 
119.8 
119.8 
120.7 (4) 
119.6 
119.6 

120.2 (5) 
119.9 
119.9 

119.3 (4) 
120.4 
120.4 

120.5 (4) 

124.6 (3) 
114.8(3) 

118.4 (6) 
120.8 
120.8 
118.9(6) 
120.5 
120.5 

122.5 (5) 
118.8 
118.8 
118.9(6) 
120.5 
120.5 

120.6 (5) 
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T»1 f ' 1 T T 1 A 

P2 — CI — HI A 


109.4 


Pi — CI — HIB 


109.4 


P2 — CI — HIB 


1 f\C\ A 

109.4 


TT1 A /~1 1 TT1 n 

HIA — CI — HIB 


108.0 


C12 — Cll — C16 


117.8 (4) 


/— i 1 ^ ft 11 T> 1 

C12 — Cll — PI 


121.1 (3) 


C16 — Cll — PI 


121.0 (3) 


Cll — C12 — C13 


121.1 (4) 


pi 1 /"•!--> TT1T 

Cll — Clz — Hlz 


119.4 


C13 — C12 — H12 


119.4 


C14 — C13 — C12 


120.4 (5) 


C14 — C13 — H13 


119.8 


C12 — C13 — H13 


119.8 


C15 — C14 — C13 


119.7 (5) 


pi « P1 4 T-T1 A 


1 9ft 9 
iZU.Z 


P1 T, C\A Vf]A 


1 90 9 

1 Z.W.Z, 


C14— C15— C16 


120.8 (5) 


C14— C15— H15 


119.6 


C16— C15— H15 


119.6 


Cll— C16— C15 


120.2 (5) 


Symmetry codes: (i) -x+\,y, 


-z+l/2; (ii) -je+1/2, -y+\,z. 



C3 5 — C3 6 — H3 6 


119.7 


C31 — C36 — H36 


119.7 


C42 — C41 — C46 


117.1 (4) 


C42 — C41 — P2 


119.2 (3) 


C46 — C41 — P2 


1^1 A /I \ 

123.4 (3) 


C4l — C42 — C43 


122.0 (4) 


/"< A 1 /~1 /I ^ 1 T A^\ 

C4 1 — C42 — H42 


119.0 


C4 3 — C42 — H42 


119.0 


C44 — C43 — C42 


120.1 (5) 


/"l A A /""I A O TT/n 

C44 — C43 — H43 


120.0 


C42 — C43 — H43 


120.0 


C43 — C44 — C45 


120.1 (4) 


C43 — C44 — H44 


119.9 


s • a £ s • a A IT A A 

C4 5 — C44 — H44 


119.9 


CAA CAS, CAfi, 


1 90 9 f/Tl 


C44— C45— H45 


119.9 


C46— C45— H45 


119.9 


C41— C46— C45 


120.4 (4) 


C41— C46— H46 


119.8 


C45— C46— H46 


119.8 
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